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Today’s picture of high energy physics
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Today’s picture of high energy physics

Is the Standard Model the fundamental theory of nature?
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Today’s picture of high energy physics

Is the Standard Model the fundamental theory of nature?
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Today’s picture of high energy physics

N Is the Standard Model the fundamental theory of nature?
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A “fresh” look at the Standard Model

> Revisit the SM Higgs sector employing non-standard but old RG tools.

Standard Model of Elementary Particles
three generations of matter interactions / force carrier

* New phases relevant for addressing the
high energy phase structure of the SM
with and without new physics.

+ Can the SM or SM-like theories be
formulated in a UV complete manner?
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Higgs potential and curvature mass
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Higgs potential and curvature mass
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Higgs potential and curvature mass
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Higgs potential and curvature mass

tr TP 1 (G, +iG
=\ 4 L A Z @ — 1 | 2
w(p) = Vewr(p) /K" =p"p+ A" Pp=Zo—3 \/§<H—|—zgg
Spontaneous Symmetry Breaking )
_ _ v° ,u
5’pu(p)|ﬁoz()%p0:2—25\ >0 — mg = V2\U

Energy scale evolution: 0; = k Ok ‘
O i* = 0; (9pu(p)) = (=2 + ) i° + 8 [(0:Verr(p)) /K] 19775 7N\ |-1f

0% = 0,(32 u(p)) = 2m A + 502 [(0Verr(p)) /K"




Functional Renormalisation group
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Functional Renormalisation group

Wetterich 93

» One loop exact

» Non-perturbative

» Mass-dependent RG

» Analytic regulators

» Systematically improvable truncations




Functional Renormalisation group
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» One loop exact

» Non-perturbative

» Mass-dependent RG

Wetteroh 93 » Analytic regulators

» Systematically improvable truncations

Track shape of the potential along the RG-scale V
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UV-zero crossings of ;i
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SM phase diagram
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BSM phase diagram
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Towards a fundamental SM

UV completition of stable trajectories

* Cure the Abelian Landau pole

-
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 Decoupling of all charged fermions in
the new UV broken phase:

My, > k
UV fixed-point condition:

v yr V2 > 1
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Conclusions
“When you change the way you look at things, the things you look at change”

@ Found two previously unknown phases: an @ Studied the SM phase diagram as a
unstable and a stable with a non-trivial function of the top quark pole masses and
minimum. considering new physics in the form of a

Higgs-scalar portal coupling.

> Unstable phase: potentially invalidate
the SM trajectory at higher energy scales > UV non-trivially stable phase appears

and signals the need for new physics. below the Planck scale in scenarios
seeking stable trajectories.

> Non-trivially stable UV phase: potential

UV-completition for stable SM-like » Great impact on existing approaches to
theories. new physics and suppose a new |look at

the high-energy structure of the SM.

> Potential existence of further minima
unresolvable in the current polynomial
expansion.
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Conclusions

“When you change the way you look at things, the things you look at change”

@ Found two previously unknown phases: an
unstable and a stable with a non-trivial
minimum.

> Unstable phase: potentially invalidate
the SM trajectory at higher energy scales
and signals the need for new physics.

> Non-trivially stable UV phase: potential
UV-completition for stable SM-like
theories.

> Potential existence of further minima
unresolvable in the current polynomial
expansion.

@ Studied the SM phase diagram as a
function of the top quark pole masses and
considering new physics in the form of a
Higgs-scalar portal coupling.

> UV non-trivially stable phase appears
below the Planck scale in scenarios
seeking stable trajectories.

» Great impact on existing approaches to
new physics and suppose a new |look at
the high-energy structure of the SM.

Thank you for your attention!
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Broken phase flows and euclidean masses

See APG,Pawlowski,Reichert’22:

* Accurate implementation of all SM sectors

* |Inclusion of deep IR QCD (ySB)

* Top quark pole determination
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EWSB
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Predicting the EW scale?
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